Constrictive pericarditis has been regarded as almost invariably tuberculous in origin; in 1948 Andrews, Pickering, and Sellors stated, 'In Great Britain most, perhaps all, of the cases of constrictive pericarditis are due to antecedent acute tuberculous pericarditis'. With the decline in the prevalence of tuberculosis, other causes of constrictive pericarditis may assume greater importance. Recently, Connolly and Burchell (1961) and Robertson and Arnold (1962) have drawn attention to the occurrence of constrictive pericarditis following acute non-specific (possibly virus) types of pericarditis. A few cases have been reported of constrictive pericarditis in association with rheumatoid states (McMurray, Cayer, and Cornatzer, 1951 ;  Gimlette, 1959; Keith, 1962; Partridge and Duthie, 1963) . We report here three further cases of constrictive pericarditis in patients with rheumatoid disease. CASE REPORTS CASE 1 V. P. was aged 31 at the time of her admission to the Brompton Hospital in May, 1960 . At the age of 19 she had developed severe arthritis of all joints, and at 23 she suffered from corneal ulceration. At the age of 30 she had a severe staphylococcal chest infection, for which she was admitted to another hospital. About four months after this she developed dyspnoea on exertion and swelling of the ankles.
On examination in September 1959 at the National Heart Hospital she was obese. Movements were restricted in all joints of both hands; there was fusiform swelling of the wrists with marked ulnar deviation and involvement of both shoulders, knees, ankles, and spine. Many rheumatoid nodules were present over the interphalangeal joints and the olecranon areas. The heart was in sinus rhythm, the blood pressure was 115/85 mm. Hg, and the venous pressure in the neck was 10 cm. above the sternal angle.
There was a dominant y descent. There was a loud third heart sound shown on the phonocardiogram to occur 0-14 second after aortic valve closure. There were crepitations at the bases of both lungs. The liver was palpable two finger-breadths below the costal margin. There was oedema of both ankles.
Investigations The electrocardiogram showed sinus rhythm, low voltage QRS and T waves with T wave inversion in leads 3, AVF, Vi, and V2. The chest radiograph did not show any cardiac enlargement or pericardial calcification, but there was mottling in the lower two-thirds of both lung fields, suggesting interstitial pulmonary fibrosis. Cardiac catheterization showed the pulmonary artery pressure to be 30/20 mm. Hg rising to 40/30 mm. Hg on exercise. Oxygen saturation was 90% at rest but fell to 77% on exercise. Physiological studies of the lungs showed a forced vital capacity of 1,200 ml., forced expiratory volume (1 sec.) 1,000 ml., and an impaired carbon monoxide diffusion (10-5 ml./min./mm. Hg) at rest and a carbon monoxide extraction of 32%. Sputum examinations were repeatedly negative for Mycobacterium tuberculosis. The Mantoux test was weakly positive to 10 T.U. The serum albumin measured 3-5 g./100 ml. and the globulin 3-5 g./100 ml. Electrophoresis revealed a moderate increase in the gamma globulin. Radiographs of the hands (Fig. 1) (Fig. 3) showed some slight scattered fibrosis of the alveolar walls. There was striking intimal proliferation in the small arteries.
The patient was seen three years after operation. when the heart condition was satisfactory; the venous pressure was no; nal, the liver not enlarged, and there was no oedema. The heart sounds were normal and the third sound was not audible. The arthritis remains severe and she is confined to a wheel chair with fixed deformities of the limbs. New subcutaneous rheumatoid nodules continue to appear. The radiological lung mottling remains unchanged. as does the diffusion of carbon monoxide (12 5 ml./min./mm. Hg).
CASE 2 J. B. was aged 29 at the time of her admission to the Brompton Hospital in July 1960. She had had an attack of acute arthritis six years previously, which had affected the small joints of the right hand. This attack lasted for only two weeks. Four years later she noticed shortness of breath on exertion and complained of pain in the left side of the chest. She was admitted to St. Giles Hospital in March 1958 with fever, tachycardia, and evidence of a left pleural and pericardial effusion. Sputum examination and laryngeal swabs failed to demonstrate Myco. tuberculosis, as did the pleural aspirate. The Mantoux test was negative to 100 T.U.
Two weeks later she developed pain and swelling in the joints of the fingers of both hands. The R.A. latex test at this time was negative and L.E. cells were not found.
She was treated with streptomycin, isoniazid, and prednisone for two weeks. The pleural effusion cleared. The heart size returned to normal and the arthritis improved.
Two months after stopping the prednisone the arthritis recurred in the right hand and left ankle. Cortisone was given with improvement in the joint symptoms and was continued up to the time of admission to the National Heart Hospital two years later, when she complained of shortness of breath on exertion and swelling of the abdomen.
On examination in 1960 at the National Heart Hospital, the heart was in sinus rhythm, the blood pressure was 105/90 mm. Hg, and the venous pressure in the neck veins was 8 cm. above the sternal angle with a dominant x descent. The Kussmaul sign was positive. A third heart sound was heard at the left sternal border. Dullness and weak breath sounds were present at the bases of both lungs. The liver was palpable two finger-breadths below the costal margin, and there was considerable ascites. There was wasting and weakness of the shoulder muscles, spindle-shaped swelling of the proximal interphalangeal joints, and swelling with limitation of movement in both wrists and in the left ankle joint. No subcutaneous nodules were found.
Investigations An E.C.G. showed sinus rhythm, low voltage QRS and T waves with T wave inversion in leads 3 and V1.
Radiographs of the chest showed a small heart outline and pleural thickening at the left base. There was no pericardial calcification. Radiographs of the wrists and hands showed bone erosions in several metacarpals. On investigation of the lung function, the forced vital capacity measured 2,000 ml. and forced expiratory volume (1 sec.) 1,800 ml. The carbon monoxide diffusion was normal (21-5 ml. /min./ mm. Hg) and carbon monoxide extraction was 58%. The R.A. latex test was positive as was the differential agglutination titre (1:64). The serum albumin measured 4-1 g./ 100 ml., and the serum globulin 3-5 g./100 ml. Electrophoresis showed a slight increase in the gamma and alpha 2 globulins. Histological examination of the excised pericardium showed dense featureless fibrous tissue (Fig. 4) .
After operation the patient progressed well, and, Effler (1961) had positive findings in only two of 26 cases. The histological features in the excised pericardium are more likely to show the changes characteristic of tuberculosis when the operation is done in the subacute rather than in the chronic phase of the disease. In a population with a high incidence of positive reactions, the Mantoux test is only of value when it is negative, i.e., indicating that the patient has not been infected with tubercle bacilli. Wood (1956) regarded pericardial calcification as strong evidence for tuberculosis; calcification was present in 75o% of the cases in his series.
During the period when these three patients with constrictive pericarditis and rheumatoid disease were seen, 17 other patients with pericarditis were treated by operation at the Brompton Hospital. Fourteen of these 17 had pericardial calcification. Of the 14 with calcification, two had acid-fast bacilli in the sputum and three had typical tuberculous appearances in the excised pericardium. Of the three patients without pericardial calcification, one had histological features of tuberculosis in the pericardium; in the other two patients there were no clues as to the cause of the disease. None of these 17 patients had any evidence of associated diseases.
None of the three patients with constrictive pericarditis and rheumatoid arthritis reported here had pericardial calcification. None had evidence of tuberculosis in the excised pericardium. In two patients the Mantoux reaction was negative and in the third it was positive. In the latter (V.P.) no evidence of tuberculous granulation tissue was found in the pericardium although it was oedematous and in a subacute state of inflammation, a stage at which the microscopic appearance of tuberculosis is most commonly found.
There is, on the other hand, good evidence that these patients had rheumatoid arthritis, and the features are summarized in Table I . It will be seen that in each case many of the criteria set out by the American Rheumatism Association (1959) are satisfied. The clinical features of tenderness, stiffness, pain on movement, soft tissue swelling in at least one joint extending to swelling in many joints within an interval of less than three months, and symmetrical joint swelling were present in all three patients. Subcutaneous rheumatoid nodules were present in two. Typical radiographic changes, including joint deformity and subluxation, periarticular decalcification, and bone erosions, were present in varying severity in two patients. The R.A. latex test was positive in one patient and the differential agglutination titre was positive in two patients at some stage of the disease. The patient with the persistently negative R.A. latex and negative differential agglutination titre was in fact the patient with the most advanced arthritis assessed clinically and radiologically. In this patient numerous olecranon rheumatoid nodules are present. It is well recognized that about 10% of patients with undoubted rheumatoid arthritis run their entire course with negative serological reactions (Plotz and Singer, 1956 ). There was no demonstrable evidence of disseminated lupus erythematosus in any of these patients: L.E. cells were looked for on several occasions and were never found, and the antinuclear factor was always negative.
Non-constricting adhesive pericarditis is a common post-mortem finding in cases of rheumatoid arthritis. Sokoloff (1953) found the condition in 40 out of 101 cases, Graef, Hickey and Alttman (1952) in half of 66 cases, Young and Schwedel (1944) in 19 of 38 cases, and Bywaters (1950) in two of 24 cases. Bauer and Clark (1948) found pericarditis in 44% of 445 necropsies and in two of these cases found rheumatoid nodules in the pericardium, histologically similar to skin nodules.
Clinically, acute pericarditis as a complication of rheumatoid arthritis has been reported by Parker and Cooper (1951) , Connolly and Burchell (1961) and Wilkinson (1962) . Wilkinson (1962) has, however, stated that rheumatoid pericarditis does not seem to be harmful. The cases reported here and other published reports by Glyn and PrattJohnson (1963) , Partridge and Duthie (1963) , McMurray et al. (1951) , Gimlette (1959) , and Keith (1962) suggest that some patients with acute rheumatoid pericarditis may later develop cardiac constriction.
There are other interesting points of similarity between the cases presented here and those in the literature. Pleural effusion was present at the stage of active pericarditis in the case reported by Partridge and Duthie, by Glyn and Pratt-Johnson, and in two of the four cases reported by Wilkinson. Pleural effusion was present in two of the three cases studied here. In two of our patients the joint pains were not severe and occurred intermittently for a relatively short time before evidence of pericarditis appeared. This mild type of rheumatoid arthritis was present in the cases reported by McMurray et al. (1951) , Keith (1962) , and Partridge and Duthie (1963) . Steroids do not seem to have been helpful in preventing progression to constriction (Connolly and Burchell, 1961; Partridge and Duthie, 1963) . Two of our three patients received long-term steroids but progressed to constriction. The absence of specific rheumatoid appearances on microscopy in the excised pericardium was noted in all three of our patients and appears to be the experience of other authors; indeed we were unable to find in the literature any instance in which specific rheumatoid changes had been found in a pericardium excised for constrictive pericarditis.
Our patient with the most advanced arthritis had pathological changes in the lungs in addition to the pericardial lesion. Radiologically, these looked like interstitial pulmonary fibrosis ; this diagnosis was supported by the demonstration of a defect in diffusion and confirmed by histological examination of a lung biopsy. These lung changes have been reported in patients with rheumatoid arthritis (Ellman and Ball, 1948) . Gimlette (1959) , reporting five cases of pericarditis associated with rheumatoid arthritis, suggested that there was usually an important myocardial factor and that these patients did not improve on pericardiectomy. In all three of our cases we found at operation that the thickened pericardium could be separated from the heart more easily than in many cases of tuberculous aetiology, and all have had a completely satisfactory result from the cardiac point of view.
Successful pericardiectomy has also been reported by others.
SUMMARY
Three cases of constrictive pericarditis associated with rheumatoid arthritis are reported.
